. In addition, the use of these alternative ingredients is of great economic importance because it is considered safe by consumers and there is no risk to human health.
In this context, antibacterial compounds can benefit animal health and nutritional status by favouring the growth of beneficial bacteria in the intestine (Bento et al., 2013; Guo et al., 2004) , reducing the competition for nutrients and preventing the production of toxic metabolites by pathogenic bacteria that could compromise nutrient uptake (Pelicano et al., 2005) . In addition, the fatty acid profile found in egg yolk and chicken meat may be prone to lipid oxidation (Abreu, Pereira, Freitas, Trevisan, & Costa, 2014) . Therefore, the dietary inclusion of natural antioxidants compounds or ingredients containing these compounds could result in an increase of antioxidants in animal products (Fredriksson, Elwinger, & Pickova, 2006; Karadas, Grammenidis, Surai, Acamovic, & Sparks, 2006) , retarding lipid peroxidation (Kumar, Patra, Mandal, & Debnath, 2018) and avoiding changes in their colour, flavour and aroma during storage (Bozkurt et al., 2014) . These factors are of major importance in the poultry industry, since lipid oxidation is one of the first mechanisms of deterioration in eggs (Goliomytis et al., 2014) .
Among several ingredients with these functional characteristics, products originating from plants such as bocaiuva (Acrocomia aculeata (Jacq.) Lodd.), a fruit palm native to the Cerrado biome of Brazil, have great interest in poultry feeding. In fact, studies show that bocaiuva fruits, besides providing nutrients, contain significant levels of carotenoids, tocopherols and phenolics in their pulp, peel and seeds (Coimbra & Jorge, 2011; Peres et al., 2013) . However, although the chemical composition of bocaiuva fruits is hypothesized to contribute to metabolic processes when consumed by animals, there are few reports to date regarding the use of this ingredient in animal feeds. Thus, an experiment was conducted to evaluate the in vitro antioxidant activity of diets containing different levels of dehydrated bocaiuva pulp (DBP), and to measure the effects of these diets on productive performance in laying quails, and on quality and lipid oxidation in their eggs.
| MATERIAL S AND ME THODS

| Location
The trial was conducted at the Poultry Research Center of the For the relative humidity, the mean of the maximum and minimum was measured, with values of 80.5% and 56.5% respectively.
| Experimental design
The birds were distributed in a completely randomized design with six treatments (0%, 0.1%, 0.2%, 0.3%, 0.4% and 0.5% inclusion of DBP), 
| Dehydrated bocaiuva pulp and experimental diets
Mature fruits of bocaiuva (A. aculeata (Jacq.) Lodd.) were harvested on commercial farms in the region of Dourados, MS, Brazil. The fruits were peeled and hand pulped, and the pulp was homogenized in a food processor. Subsequently, the pulp was packed in storage boxes and placed in a forced ventilation oven at 55°C for 72 hr to dehydrate. Finally, the material was ground and stored at −20°C until the beginning of the experiment.
The experimental diets were formulated based on corn and soybean meal, considering the food composition and nutritional requirements for laying quails recommended by Rostagno et al. (2011) ( Table 1 ). The DBP was added to the diets replacing inert (kaolin).
Water and feed were given ad libitum, and the feed was supplied at two times (morning and afternoon) to stimulate consumption.
| Total polyphenol content and antioxidant activity of experimental diets
| Extraction of bioactive compounds
Extraction of bioactive compounds was performed according to the protocol of Singleton and Rossi (1965) , with modifications. Two grams of samples was homogenizing with 2 ml of methanol in falcon tubes. Subsequently, the tubes were placed in a homogenizer for 10 min and then centrifuged for 20 min at 1,008 g. The supernatant was collected for determination of total polyphenol concentration and the in vitro antioxidant capacity, estimated by determining the free radical scavenging capacity.
| Determination of the total phenolic compound content
The total concentration of phenolic compounds in the DBP and in the experimental diets was determined according to the protocol of Singleton and Rossi (1965) , with modifications. An aliquot of the previously extracted supernatant (125 μl) was homogenized with 125 μl of Folin-Ciocalteu reagent (1:1 deionized water) and sodium carbonate (28 g/L) in total volume of 2.25 ml. The samples were incubated in the dark at room temperature (25°C) for 30 min, and the absorbance was measured in a spectrophotometer at 750 nm. The results were expressed as mg gallic acid equivalents (GAE)/g on a dry matter basis, using a standard curve constructed with gallic acid in the concentration range 0-300 mg/L. All analyses were performed in triplicate.
| In vitro antioxidant activity
2,2'-azino-bis(3-ethylbenzothiazolin-6-sulfonate (ABTS) method The DBP and experimental diets were analysed for antioxidant capacity using the ABTS methodology described by Re et al. (1999) , with modifications. First, ABTS
•+ radicals were generated from the chemical reaction between 7 mM ABTS (5 ml) and 140 mM potassium persulfate (88 μl), which were incubated at room temperature and in the absence of light for 16 hr. Once the radicals had been generated, the solution was diluted in ethanol until an absorbance of 0.70 (±0.02) at 734 nm was obtained. To perform the analyses, the samples (1:10 w/v methanol:diet; 40 μl) were homogenized with the ABTS solution (1,960 μl) and the absorbance of the mixtures was recorded in a spectrophotometer at 734 nm at 1-min intervals during 6 min. The average antioxidant activity as indicated by free radical scavenging capacity (ABTS) was obtained by the equation:
The sample t : average absorbance of the sample over time (6 min);
The sample t = 0 : absorbance of the sample at time zero.
2,2-diphenyl-1-picrylhydrazyl (DPPH) method DPPH analysis of DBP and experimental diets was obtained according to the technique proposed by Brand-Williams, Cuvelier, and
Berset (1995) 
| Performance and egg quality
To evaluate bird performance, the egg production was recorded daily to determine the hen-day egg production. On the twenty-first day of each cycle, the feed was weighed to evaluate feed intake (g/ bird/day) and feed conversion (kg of feed per kg of egg and kg of feed per dozen eggs).
During the last 3 days of each cycle, all eggs produced per replicate were collected for quality assessment. The collected eggs were initially weighed on a precision scale to determine the mean weight.
Subsequently, the specific gravity was evaluated by immersing the eggs in saline solutions of different concentrations (1.066, 1.070, 1.074, 1.078, 1.082 and 1.086 g/ml). The saline solutions were adjusted and calibrated periodically with the aid of a hydrometer.
After determining the specific gravity, the eggs were broken on a flat surface and the height of the albumen and the height and diameter of the yolk were measured using digital callipers. The Haugh unit, based on the height of the albumen and egg weight, was calculated as described by Brant and Shrader (1958) . The yolk index was obtained as the ratio between the height and diameter of the yolk.
The eggshells were washed in running water without removing the inner membrane, dried at room temperature for 72 hr, and ABTS free-radical scavenging capacity(%) = (1 − (The sample t ∕The sample t=0 ) × 100 DPPH free-radical scavenging capacity(%) Vitamin and mineral supplement (content per kg of diet): folic acid 0.5 mg; pantothenic acid 10 mg; copper 11 mg; iron 55 mg; butylated toluene hydroxide 0.375 mg; iodine 1.1 mg; manganese 77 mg; niacin 25 mg; selenium 0.3 mg; vitamin A 7,500 UI; vitamin B 1 1.5 mg; vitamin B 12 0.013 mg; vitamin B 2 4 mg; vitamin B 6 1.7 mg; vitamin D 3 2,000 UI; vitamin E 10 UI; vitamin K 3 1.8 mg; zinc 72 mg.
weighed on a precision scale to determine the shell weight as a percentage of the total egg weight. The thickness of the eggshells (including the inner membrane) was measured using digital callipers.
| Lipid oxidation in egg yolk
At the end of the experimental period (84 days), all eggs were collected for five consecutive days to evaluate lipid oxidation in the egg yolk through analysis of conjugated dienes and determination of thiobarbituric acid reactive substances (TBARS).
The collected eggs were distributed in a completely randomized design in a 6 × 5 factorial scheme (eggs from quails fed different levels of DBP-0%, 0.1%, 0.2%, 0.3%, 0.4% and 0.5%, evaluated fresh and after 7, 14, 21 and 28 days of storage at room temperature, 25°C). The samples used in this analysis, evaluated in triplicate, consisted of a pool of egg yolks from the total number of eggs produced per replicate per day of collection. Each pool was considered as one replicate, and each treatment consisted of five replicates.
Determination of conjugated diene hydroperoxides, expressed in mmol/kg of fat, was performed by the method proposed by Kiokias, Dimakou, Tsaprouni, and Oreopoulou (2006) using 50 μl of the sample, which was vortexed for 10 s with 2.5 ml of 2,2,4-trimethylpentane:2-propanol solution (2:1 v/v). After stirring, the solution was filtered through a 0.22-μm pore size Millipore filter, and its absorbance at 232 nm was measured in a spectrophotometer.
Determination of TBARS, expressed in milligrams of malondialdehyde per kilogram of yolk (mgMAD/kg), was performed according to the methodology described by Vyncke (1970) . Two grams of each sample was homogenized with 8 ml of trichloroacetic acid (15%).
Subsequently, the tubes were placed in a homogenizer for 10 min and then centrifuged for 20 min at 1,008 g. Two millilitre of the supernatant recovered from the centrifugation was homogenized with 2 ml of TBA solution (1% TBA, 15% TCA and 562.5 mM HCl). The samples were incubated at 100°C for 15 min, and, after cooling to room temperature, the absorbance of the samples was determined in a spectrophotometer at 532 nm.
| Statistical analyses
The analyses of in vitro antioxidant activity (DPPH and ABTS), performance and egg quality data were subjected to analysis of variance and regression, and the means were compared using the Dunnett's test (p < 0.05). Lipid oxidation data were analysed using a factorial model, including the effects of the treatments (different levels of pulp), the storage time and the interaction between the treatments and the storage time. The all data were analysed using the SAEG (SAEG, 1997).
| RE SULTS
| Total phenolic compound content
The values obtained for total phenolic content in the DBP and in the experimental diets containing different levels of DBP (0.0%, 0.1%, 0.2%, 0.3%, 0.4% and 0.5%) were 1.231, 0.425, 0.436, 0.441, 0.452, 0.487 and 0.496 mg GAE/g respectively.
| In vitro antioxidant activity
The ABTS activity was higher in the diets containing DBP than it was in the control diet (without inclusion of DBP; Dunnett's test, p < 0.05). The ABTS activity varied quadratically (p < 0.05) with the concentration of the DBP in the diets, and the quadratic equation predicted a lower activity for the diets with 0.39% of DBP. The DPPH radical scavenging activity evaluated did not vary (p > 0.05) with the DBP levels ( Table 2) . Considering only the fruit (DBP) used to compose the experimental diets, the in vitro antioxidant capacity was 29.3% and 74.5% for DPPH and ABTS analysis respectively.
| Animal performance and egg quality
Although inclusion of pulp in the diets increased the concentration of phenolic compounds and demonstrated in vitro antioxidant capacity, no positive effect (p > 0.05) was observed on quail performance parameters (feed intake, hen-day egg production, and feed conversion kg/kg and kg/dz; Table 3 ). There were no changes (p > 0.05) in the egg weight, Haugh unit, yolk index or eggshell percentage parameters. However, dietary inclusion of bocaiuva pulp had a negative linear effect (p < 0.05) on the specific gravity, although no difference was observed (p > 0.05) when comparing each inclusion level with the control (Table 4) . Moreover, only the treatment with 0.5% pulp TA B L E 2 Antioxidant characteristics of the experimental diets containing different levels of dehydrated bocaiuva pulp 
| Lipid oxidation in egg yolk
Thiobarbituric acid reactive substances analysis showed that, as the dietary pulp levels increased, regardless of the storage period, malondialdehyde values decreased linearly (p < 0.05) in the egg yolks. The reduction on malondialdehyde values can be correlated with antioxidant effect; since this substance is obtained from a reaction involving lipid oxidation. With respect to the analysis of conjugated dienes, there was no effect (p > 0.05) on the levels of conjugated dienes when pulp was included in the diets (Table 5 ).
| D ISCUSS I ON
Bocaiuva fruit has a potential as foodstuff due to its chemical composition, high content of protein, lipids and carbohydrates, and has been usually used in the formulation of bakery products, including biscuits and cakes, enriching their flavour and nutrition value (Coimbra & Jorge, 2011 also presents a significant amount of carotenoids, tocopherols and phenolics (Peres et al., 2013) . Regarding the phenolic content, the presence of these compounds has been associated with several biological processes, such as antimicrobial and antioxidant activities.
Due to these physiological properties, phenolic compounds can benefit digestive and absorptive processes in the gastrointestinal tract, improving intestinal morphology and enzyme production, as well as having a modulatory effect on the microbiota; they can consequently influence animal performance (Hong et al., 2012; Liu et al., 2014; Yu et al., 2015; Zuo et al., 2012) . Despite the evidence that phenolic compounds can improve eggshell quality (Ni et al., 2007; Radwan Nadia, Hassan, Qoota, & Fayek, 2008) , the dietary supplementation of DBP linearly decreased the egg-specific gravity.
Specific gravity analysis is a common technique to determine eggshell quality, and a reduction may be correlated with lower deposition of calcium carbonate in the shell. Similarly, the studies by Yang, Jung, and Uuganbayar (2003) and Uuganbayar et al. (2005) also reported slight reduction in eggshell thickness in layers fed diets containing green tea powder, a product rich in phenolic compounds.
In addition, phenolic compounds may react with free radicals during the initiation step of oxidative processes and transform them into stable products, by donating hydrogen to them, avoiding oxidative damage, which extends shelf life and improves the quality of food products (Chen et al., 2018; Kumar et al., 2018) . In fact, the antioxidant potential of several extracts from fruits and medicinal plants has been demonstrated (Singh, Dixit, Sharma, & Sharma, 2015; Souza et al., 2014) . The antioxidant in vitro results of the current study revealed that the bocaiuva pulp has an antioxidant activity in the ABTS assays. However, their activity may vary according to the profile of phenolic compounds present (Lichovnikova, Kalhotka, Adam, Klejdus, & Anderle, 2015) .
The antioxidant action of these ingredients can prevent cellular oxidation that is responsible for altering the functionality of vital cellular components and could impair animal performance (Liu et al., 2014) . Despite the possible physiological effects of these compounds, results in the literature are still contradictory, with positive (Starčević et al., 2015) , negative or even no effects on animal performance. These conflicting results may be a consequence of differing phenolic compound compositions, with different antioxidant activities attributed to each substance (Goliomytis et al., 2014) and the structure of phenolic molecule as number and position of hydroxyl groups that may influence in the intensity of the antioxidant activity by their donor-proton capacity (Wang, Cao, & Prior, 1996) .
Immediately after laying, eggs begin to lose quality (Wardy, Torrico, No, Prinyawiwatkul, & Saalia, 2010) due to the physicochemical reactions occurring in their components. These reactions include a loss of carbon dioxide and water through the pores of the eggshell, with a consequent loss of weight; an increase in pH;
and structural modifications in the albumin (Khan, Khan, Bukhsh, Abbass, & Javed, 2013) . In addition to these quality factors, the lipid stability of the egg yolk must be observed throughout storage, because lipid oxidation alters sensorial parameters such as taste, odour and nutritional value, directly influencing the quality of the product offered to the consumer (Faitarone et al., 2016) .
Fatty acids present in egg yolk are considered to be more unsaturated than most lipids of animal origin, and the double chains of these fatty acids, depending on storage conditions and time, are particularly susceptible to lipid oxidation processes (Martino, Haouet, Marchetti, Grotta, & Ponzielli, 2014) . The lipid oxidation reaction comprises primary and secondary mechanisms, which can be assessed using the conjugated diene product and thiobarbituric acid reactive substances assays, including malondialdehyde respectively (Moure et al., 2001) . Therefore, considering that the conjugated diene compound is produced in the early stages of the oxidative process, the effect of the primary mechanism may not have been observed because the analysis was performed with fresh eggs and only after 7 days of storage.
The linear decrease in the lipid oxidation in egg yolk observed suggests that the antioxidant constituents present in bocaiuva can be transferred to birds from feed despite absorption in the gastrointestinal tract and the concentration of these constituents in the tissues being considered low (Surai, 2014) . Krause and Ternes (2000) suggested that some phenolic antioxidants could be transferred from feed to egg and established a transfer rate of carnosic acid of 0.0025%. In the case of laying birds, consideration should be given to the fact that maintenance in terms of nutrients in the yolk is a major factor in ensuring embryo survival. Based on this principle, dietary antioxidants are preferentially deposited in the eggs and not in the meat (Loetscher, Kreuzer, & Messikommer, 2014) . In this context, it has been emphasized that ingredients containing phenolic compounds, when used in animal feeds, may increase the shelf life of products by reducing lipid oxidation (Alizadeh, Mahdavi, Rahmani, & Jahanian, 2015; Kara et al., 2016) . The mechanisms of action of phenolic substances include scavenging of chemical compounds resulting from the reduction in molecular oxygen, activation of antioxidant enzymes, metal chelation, inhibition of oxidases and attenuation of damage caused by nitric oxide, among others (Surai, 2014) .
Therefore, nutritional strategies that consider the inclusion of natural additives with antioxidant capacity in animal feeds can benefit both the consumer, ensuring the quality of the purchased product, and the processing industries, which depend on the composition and quality of the raw material, bringing together nutrition, animal production and food technology.
Diets containing dehydrated bocaiuva pulp exhibited antioxidant potential, reducing lipid oxidation in egg yolk. However, the inclusion levels of the pulp in this study were not sufficient to provide beneficial effects on performance and egg quality.
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